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BACKGROUND INFORMATION

The Seven Layers of OSI

e Ethernet ]
: ser ‘
TCP / IP Stack et “Data
* InfiniBand (IB) mSslk
R D M A Transport Layer

EDR - 4 lanes of 25Gb/s

* RoCE - RDMA over
Converged Ethernet

—> Physical Lihk ——

Ethernet — Layer 3 (Network Layer)
InfiniBand — Layer 2 (Data Link Layer)
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N\o  OVERVIEW

TOP500 Interconnect Trends
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o PRoJECT DESCRIPTION
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Compare EDR InfiniBand, RoCE, and native Ethernet:
 Bandwidth Performance
* Latency Performance

» Ease of Configuration (or lack thereof)

// OSU Benchmarks, Intel Micro Benchmarks
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\ HARDWARE
10 (O)
0O
 Mellanox ConnectX-4 EDR adapter cards
j * Mellanox SB7700 EDR InfiniBand Switch
@)

* Juniper QFX5200 100Gb Ethernet Switch
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\\o  SERVICES
No ()
O
e CentOS 6 across the nodes
W  OpenMPI 1.10 using MXM (Mellanox)
O « MLNX OFED drivers and related moo

O

i,

ibraries

ules, v. 3.3-1



RESULTS




PoINT-TO-PoINT CONNECTED TESTS

OSU Benchmarks



Latency (No switch)
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Latency (No switch)
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Latency (Through switch)
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Bandwidth (No switch)
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Bandwidth (Through switch)
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Message Rate (8 ranks) (No switch)

18000000 17,045,335 Messages/s

16000000 i 100000000
10000000
14000000 1090000
100000
10000

1000

100

10000000 \ 10

i

I < W
— O

MORE IS BETTER

/

12000000

8000000 #|nfiniBand

*Uses Log Scaling

6000000 ®-RoCE
Ethernet

1048576
4194304

7,
©
c
O
(&
A
S
7))
Q
(T4
g ]
7]
7,
@
=

4000000
pA0[0[000]0

0

Packet Size (bytes) *NOT Log Scaling



Message Rate (8 ranks) (Through switch)
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CoOLLECTIVE TESTS

Intel Micro Benchmarks

18



All-to-all

350000000

1E+09 300000000
100000000 250000000

200000000

150000000
10000000 100000000
1000000 50000000
100000
10000 o
1000 __ e eInfiniBand
100 — " =ROCE

10 [ Ethernet
1
0.1

2097152

*NOT Log Scaling

™)
5=
=
(=]
o
@
v
O
f =
-
E
=
7]
e
@
=t

Packet Size (bytes) *Uses Log Scaling



All-to-all-v

1 E +09 300000000

250000000

100000000 200000000

150000000

10000000 100000000

50000000

1000000

100000 *NOT Log Scaling

2097152 ¢

10000 - 5 P v K : #|nfiniBand
(000 _, - ®RoCE
g —a—= Ethernet

)
T
c
o
&2
7,
Wi
o
By
=
E
c
@
e
©
d

100

10

Packet Size (bytes) *Uses Log Scaling



100000

10000

1000

100

)
T
=
o
o
@
v
o
-
E
c
@
war¥
®
—

All-reduce

0

*NOT Log Scaling o %’Lb‘%@"’

O B D DD DG PP
DNV Y PO AT SV AP

4194304

Packet Size (bytes) *Uses Log Scaling

@InfiniBand
=-RoCE
Ethernet



22



InfiniBand Latency FDR vs EDR
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Latency Before and After Driver Update
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\\o ETHERNET SETUP ISSUES
10 ()
0O)

 Initial iperf tests (with 6 sockets) were only 60Gb/s
« Eventually reached 87Gb/s through lofs of configuration

0)
) :::E;:l :t_iﬁfrlrfﬂ]: eth4 hw_lro on

* Potentially lack of socket optimization
25

} //h * OpenMPI gives <20Gb/s for native Ethernet
‘/“



JUNIPER SETUP ISSUES

e Juniper switch reported Mellanox passive 100Gb
copper cables as 40Gb/s

 EDR cards didn't acknowledge Juniper passive optics
whatsoever

* Juniper switch didnt acknowledge Mellanox active
opftics

26
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o  MELLANOX CARD COMPATIBILITIES

Table 12 - Tested 10Gb/s/EDR Switches

EDR Switch-IB ‘SB??QID-EBEF !Bﬁ-pnrt EDR 100Gb/s InfiniBand Switch Systems !Mﬂllannx
|

EDR Switch-IB 2 | 5B7800-ES2R !Bﬁ-purt Non-blocking Managed EDR 100Gb/s |Mellanm;
|Inf1niEand Smart Switch ‘

100GbE |Spectrum SN2700-CS2R u"-“'-pnrt Non-blocking 100GbE Open Ethemnet

! Mellanox
|bp1ﬂe Switch System |
I
b

100Gb/s | N/A C3232C |ngh-Dcn51t}r, 100 Gigabit Ethernet Switch
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\\o  CONCLUSION

* Good potential, as shown with direct results.
* 100Gb technology is too new, not standardized

* Deployment Effort is complex for both options

o * Different companies not necessarily compatible

/m * If you want 100Gb/s, get it all from one place.
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o  GREATER IMPACT

* Mellanox OFED driver updates throughout HPC
Division
* Juniper and Mellanox will begin to collaborate with

:)_/

hardware compatibilities
 Because of us, they have a place to start

()

(h
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FUTURE WORK

« Comparison with Intel’'s OmniPath

* Collective tests after technologies are compatible

* Work with OpenMPI community to optimize
Ethernet performance

* NFS over RDMA

 TCP/IP over InfiniBand

31
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Kernel sysctl configuration Tile for Red Hat Linux

For binary values, @ is disabled, 1 is enabled. See sysctl(B) and
sysctl.conf(5) for more details.

HH W W4

Use 'sshin/sysctl -a' to list all pessible parameters.

# Controls IP packet forwarding
net.ipv4.ip_forward = @

# Controls source route verification
net.ipvd.conf.default.rp_filter = 1

# Do not accept source routing
net.ipvd.conf.default.accept. source_route = @

. # Controls the System Request debugging functionality of the kernel
1fog_eth4 kernel.sysrg = @
DEVICE=eth4

BOOTPROTO=dhcp # Controls whether core dumps will append the PID to the core filename.
PEERDMS=no # Useful for debugging multi-threaded applications.

ONBOOT=vyes kernel.core_uses_pid = 1

GATEWAY=152.1668.1.1

MTU=0R803 # Controls the use of TCP syncookies

net.ipvd.tcp_syncookies = 1

rc.local (Onboot)

ethtool -K ethd4 lro on # Controls the default maxmimum size of a mesage gueue
ethtool ——set-priv-flags eth4 hw_1lro on kernel.msgmnb = 65536

Whenever yOU run OMPI ° # Controls the maximum size of a message, in bytes
export OMPI_MCA_tcp_max_send_size=2007152 kernel.msgmax = 65536
export OMPI_MCA_btl_tcp_if_include=ethd
export OMPI_MCA_btl_tcp_eager_limit=B3IBB6RE # Controls the maximum shared segment size, in bytes

export OMPI_MCA_btl_tcp_max_send_size=2@097152 kernel.shmmax = 6B719476736

export OMPI_MCA_btl_tcp_links=1

export OMPI_MCA_btl_tcp_sendbuf=4194304 # Controls the maximum number of shared memory segments, in pages
export OMPI_MCA_btl_tcp_recvbuf=4194384 kernel.shmall = 42040967296

# From Mellanox Tuning Guide and subsequent testing
net.ipvd.tcp_timestamps = 8
net.ipvd4.tcp_sack = 1
net.core.netdev_max_backlog = 258808
net.core. rmem_max = 134217728
net.core.wmem_max = 134217728

net.core. rmem_default = 4194304
net.core.wmem_default = 4194384
net.core.optmem_max = 4194384
net.ipvd.tcp_rmem = 4896 B73B@ 134217728
net.ipvd.tcp_wmem = 4806 B73IB@ 134217728
net.ipvd.tcp_low_latency = 1
net.ipvd.tcp_adv_win_scale = 1
net.ipvd.tcp_mtu_probing = 1



